Abstract-Non-orthogonal multiple access (NOMA) scheme is emerging as an enabling technology for 5G wireless networks, which address the growing demand for capacity that is mostly made up of high quality video content. In this paper, by combining the principles of NOMA and layered coding, the sum rate is enhanced for multicast video streaming. An optimization problem for power allocation is formulated to maximize the overall sum rate whilst achieving the total transmission power constraints and target rates. A near-optimal scheme and a low-complexity closed form solution are proposed. Numerical simulation results show that the proposed schemes offer better sum rate performance than the existing schemes. The closed form solution incurs performance degradation relative to the near-optimal solution but with a much lower complexity. Furthermore, the proposed schemes provide a superior degree of fairness towards the users with poor channel conditions.
I. INTRODUCTION
T HE International Telecommunication Union (ITU) estimated that the global mobile cellular subscriptions have reached the 3.6 billion figures by the end of 2016 and will be expected to rise to 9 billion by 2021 [1] . The tremendous growth in the number of users inevitably contributes to the steady increase in data traffic. Nevertheless, the upsurge in the data traffic will be more significant due to the shift of users' trends from being connection-centric (e.g. voice and text messages) to content-centric (e.g. video streaming, video on demand and IPTV). The basis can be found in a study in [2] , which states that more than half of mobile data traffic is contributed by video since 2015. This figure will be expected to grow rapidly in the future prompting the need for thousandfold increase in capacity and hence wireless resources. In efforts to address the capacity and data rates challenges, innovative solutions have been explored which include massive MIMO, network densification and advanced multiple access schemes [3] .
Non-orthogonal multiple access (NOMA) has emerged as one of the promising technology which significantly improves spectral efficiency, increases cell-edge transmission rate and offers low latency [4] - [6] . In addition, the study in [5] has shown that the overall throughput of NOMA in macrocell environment improves by more than 30 percent as compared to the existing orthogonal multiple access scheme and further gains are anticipated with the application of advanced power allocation scheme. Therefore NOMA is being considered as one of the candidate multiple access schemes for 5G wireless networks [3] .
Multicasting is a technology which offers high efficiency in the utilization of available resources particularly in the delivery of multimedia content. When multiple users in the same cell request for the same content, multicasting technique allows the base station to deliver the content simultaneously on shared allocated resources. Therefore, the limited spectral resources are utilized efficiently while significantly reducing the transmission power at the base station. The resource allocation for OFDMA based multicast system has been intensively studied in literature as highlighted in a survey in [7] . In conventional multicasting, the data rate is often constrained by the user with the worst channel quality to ensure all users in a particular multicast group are able to decode the content with minimal errors.
Recent works, such as in [8] , focus on multi-rate multicast techniques in which user grouping and content splitting via layered coding are performed to allow each user to receive data streams based on the handling capacities. In layered coding such as Multiple Description Coding (MDC) [9] , Fine Granularity Scalable (FGS) coding [10] and Scalable Video Coding (SVC) [11] , the content is encoded into multiple independent data streams of different transmission rates and the quality of the content improves with better channel conditions as more layered streams are successfully decoded by the users. For the case of OFDMA network, each stream is transmitted on different subcarrier or resource block (RB) and hence is less efficient in terms of resource utilization. In NOMA, the allocated resource can be efficiently utilized by exploiting the power-domain multiplexing.
As the studies on resource allocation in unicast NOMA system have already attracted much attention such as in [5] , [12] - [15] , the application of NOMA in multicast network is still in its early stage. Other works related to NOMA-based multicast system includes the investigation of the optimal beamforming vectors in multicast beamforming NOMA system which is aimed to achieve minimum transmission power and specified target rates [8] . Meanwhile, the authors in [16] and [17] apply NOMA to multicast cognitive radio networks and evaluate its performance in terms of outage probability and diversity order.
In this paper, we exploit the nature of NOMA and layered coding to enhance the sum rate for video multicasting. In NOMA, the stronger users detect the weaker users' signal first and cancel them from the received signal for their own signal detection [15] . Applying NOMA for video multicasting with layered coding, the weak users' signal can be the base layer (containing the low quality video content), while the strong users are sent the enhancement layers (the additional information to improve video quality). Therefore, instead of discarding the weak users' signal, the strong users will also use it to increase the sum rate. In this work, we aim to optimize the sum rate of this system by power allocation. The optimization problem can be solved optimally by using numerical tools with extremely high complexity. We present power allocation schemes based on near-optimal subgradient method and lowcomplexity closed form solution to achieve the performance close to the optimal solution.
The remainder of this paper is organized as follows. Section II describes the system model of the NOMA-based multicast network. Section III presents the formulation of the optimization problem as well as the optimal and sub-optimal power allocation schemes. Simulation results to verify the performance of the proposed allocation schemes are presented in Section IV. Finally, Section V concludes the paper.
II. SYSTEM MODEL
We consider a downlink NOMA-based network with a base station (BS) that serves a group of K multicast users who request for the same video content 1 as illustrated in Fig. 1 . The BS delivers the content at a total transmit power of P T over a total system bandwidth of B T which is divided into N RBs of equal bandwidth B . The bandwidth B is assumed to be smaller than the coherent bandwidth such that each individual RB will experience flat fading. However, the overall channel is assumed to experience independent and identically distributed (i.i.d.) frequency selective fading. Let K = {1, 2, ..., K} denote the set of all users in the multicast group which are divided into two subgroups G 1 and G 2 . Assuming that the BS has the full knowledge of the channel state information (CSI), the users are grouped according to their channel gains |h k ,n | 2 such that the users with poor channel gain belongs to subgroup G 1 and the strong channel gain users join subgroup G 2 . The number of users in each subgroups G 1 and G 2 are represented as K 1 and K 2 respectively. Note that, the channel gain for the k th user at n
includes the log-normal shadowing factor ξ , the effect of fading |H k ,n | 2 , and the path loss P L. The video content is encoded into two data streams via layered coding. The base layer stream X b consists of the essential data elements of the content and therefore each user will only be able to obtain the desired content if the base layer stream is successfully decoded. Whereas, the enhancement layer stream X e improves the quality of the content. Based on NOMA scheme, these two data streams are multiplexed in Figure 1 . System model the power domain at the BS and the signal received by user k at RB n is denoted by
where P b n and P e n are the power allocated to the base and enhancement layers respectively on each RB n, and W k is the additive white Gaussian noise. From (1), it can be observed that all the users will receive both base and enhancement layer data streams. Nevertheless, this does not guarantee that each user can successfully decode the data streams, particularly the enhancement layer.
The base and enhancement layer data streams are extracted from the received signal through successive interference cancellation (SIC) technique as shown in Fig. 2 . The users in subgroup G 1 directly decodes the mandatory base layer streams by treating the enhancement layer signal as noise. This is possible by ensuring the power allocated to the base layer streams is sufficiently large relative to the enhancement layer signal. Considering the weak channel conditions of the users in subgroup G 1 as well as the low power allocated to the enhancement layer streams, these users will not be able to decode the enhancement layer data. Therefore, the process of extracting the enhancement layer is discarded and the demand of the users in subgroup G 1 is satisfied with the delivery of the base layer stream albeit the low quality content. On the other hand, the receivers of the users in subgroup G 2 will be able to decode the base layer stream and consequently recover the enhancement layer data through the cancellation of the base layer component, which is treated as interference. Hence, these users are able to acquire the high quality content.
In order to ensure that all users successfully decode the base layer, the achievable rate of the base layer stream is constrained by the least channel gain user in the multicast group and hence, is expressed as
where N 0 is the noise power spectral density and γ channel gain of the weakest user in the multicast group which is given by γ b n = min |h k,n | 2 in which k ∈ K. Meanwhile, the achievable rate of the enhancement layer stream considers the worst channel quality within subgroup G 2 by taking γ e n = min |h k,n | 2 where k ∈ G 2 and thus, is given by
It could be noted that, from (2) and (3), the power allocated to the base and enhancement layer streams directly affects the achievable data rate and therefore the overall throughput can be maximized and fairness can be attained by controlling the power allocation ratio, P b /P e . From (2), the rate of the base layer stream is restricted by the channel gain of the weakest user and high achievable rate can only be attained by the allocation of large power difference between both layer streams. It is crucial to maintain considerably high rate for the base layer stream as it contain the essential elements of the content which must be received by all multicast users. The achievable data rate of the users in subgroups G 1 and G 2 is respectively given by
III. PROBLEM FORMULATION AND PROPOSED POWER ALLOCATION SCHEMES
The objective of this work is to develop power allocation schemes which are aimed towards maximizing the sum rate of the NOMA multicast system while satisfying a set of constraints. Taking into account that all multicast users K successfully decode the base layer streams and only the members of subgroup G 2 are able to decode the enhancement layer data streams, the sum rate rate of the NOMA multicast system can be expressed as
where β b n is the minimum SINR which guarantee successful decoding of the base layer streams by all users and β e n is the minimum SNR which enable all users in subgroup G 2 to decode the enhancement layer streams. Both β b n and β e n are respectively the SINR expressions of (2) and (3)
The optimization problem can be formulated as
where constraints (9b) and (9c) ensures the sum of the allocated power does not exceed the total transmission power P T and the values of the power allocated to both layer streams on each RB are non-negative. Whereas, constraint (9d) guarantees that base and enhancement layer streams achieve the minimum target rates Φ b min and Φ e min respectively whilst maintaining fairness in terms of throughput for both layer streams.
The Lagrangian function of the optimization problem (9a), by taking into account the constraints (9b)-(9d), is expressed as (10) where µ and τ represent the Lagrange multipliers. To solve the optimization problem (9a), we obtain the Karush-Kuhn-Tucker (KKT) conditions as follows A. Optimal Solutions A computationally intensive numerical tool is required to obtain the optimal solution for problem (9a). The optimization methods in [18] can be used to obtain the optimal power allocations but with very high complexity. In the next section, we propose the use of subgradient method to obtain nearoptimal solution at a lower computational complexity.
B. Subgradient Method
From the KKT conditions (11) and (12), the power allocation for both base and enhancement layer streams at each RB n can be derived as 
The dual variables µ and τ can be solved by using the subgradient method in which the valid subgradients are given by
( 19) In the subgradient method, the dual variables are updated in every iteration starting from specified initial values according to the following expressions:
where t is the iteration index, and α µ and α τ are the positive step sizes for µ and τ respectively. The initial values and the step sizes affect the convergence towards the optimal solution. Diminishing step size is employed to guarantee nearoptimal solution [19] . The subgradient method is summarized in Algorithm 1. Next we present a low complexity sub-optimal closed form solution.
Algorithm 1 Subgradient Algorithm 1: Initialization: set t = 0 and , initialize µ(0) and τ (0) 2: while |µ(t − 1) − µ(t)| ≥ and |τ (t − 1) − τ (t)| ≥ do 3: solve P b n and P e n using (15) and (16) respectively 4: update µ(t + 1) using (20) 5: update τ (t + 1) using (21) 6: t ← t + 1 7: end while 8: output the optimal solutions P b * n and P e * n C. Multicast-based Equal RB Power Allocation (M-ERPA)
As proposed in [14] , a closed form power allocation solution can be obtained by assuming the total transmit power allocated to each RB are equal, that is,
where P RB is the power allocated to each RB. By using (11) and (12) to solve P e n and eliminates the Lagrange variable µ, we obtain
(23) The remaining power in each subcarrier is allocated to the base layer stream and thus, P b n can be solve by using (22) and (23) to give
(24) Although the power allocated to each RB are equal, from (23) and (24), it is noted that the power allocation ratio P (24) can be solved by substituting these equations into (14) which is given by
where (32) Finally, the closed form sub-optimal power for the base and enhancement layer streams can be solve by substituting (25) into (24) and (23) respectively to give the expressions (26) and (27).
IV. SIMULATION RESULTS
We consider a downlink NOMA network consisting of a BS located in the centre of the cell and five mobile users uniformly distributed within a circular cell radius of 500 m. The number of users in subgroup G 2 is set as three and the remaining two users with the weakest channel gain is in subgroup G 1 to ensure that more than 50% of the users achieve excellent quality of service. The minimum target rate specified for base and enhancement layer streams are 1 Mbps and 1.5 Mbps respectively. This means that the users in the strong group will have a combined minimum rate of 2.5 Mbps. The wireless channel impairement due to path loss, shadowing effect, noise and frequency selective fading are taken into account and the associated parameters are depicted in Table I . The performance of the optimal power allocation, which is solved using numerical tool, is compared to the proposed subgradient method and M-ERPA as well as other existing NOMA power allocation schemes including Fixed Power Allocation (FPA) and Fractional Transmit Power Allocation (FTPA) [5] [12] . The optimal solution is established as the upper bound performance for the proposed and the existing power allocation schemes. Fig. 3 illustrates the sum rate performance versus the total power constraints which vary from 34 dBm to 46 dBm. From this figure, the subgradient method performs very closely to the optimal numerical solution, and is better than the proposed closed form scheme at the expense of higher complexity. Furthermore, the proposed closed form solution outperforms the existing FPA and FTPA schemes which have comparatively similar complexity. The figure also shows that the performance of NOMA utilizing any of the power allocation schemes considered in this paper is superior compared to the optimal OFDMA. In Fig. 4 , the transmission rate performance of individual user in each subgroup versus the total power constraints is presented. For FPA and FTPA, the users in subgroup G 1 suffer from a lower rate at the cost of higher data rate achieved by the users in subgroup G 2 which results in significantly lower sum rate as illustrated in Fig. 3 . Whereas, in subgradient method and the proposed M-ERPA, the users in subgroup G 1 achieve considerably higher transmission rates and users in subgroup G 2 only experience considerably small degradation as compared to FPA and FTPA. This indicates that the proposed schemes maintain a good degree of fairness whilst achieving higher sum rate performance.
V. CONCLUSIONS
By considering multi-rate multicast technique achieved by user grouping and content splitting via layered coding for video, we have investigated the power allocation for multicarrier NOMA-based multicast system. Near-optimal and low-complexity sub-optimal solutions are proposed for the allocation of power to both base and enhancement layer streams over each RB. The comparisons between the optimal and the proposed methods as well as the existing methods, FPA and FTPA, are presented. Simulation results show that both subgradient method and M-ERPA achieve comparable sum rate performance as the optimal solution while outperforming the FPA and FTPA techniques. Although M-ERPA is outperformed by the subgradient method, it offers much lower complexity and therefore M-ERPA is more suitable for practical implementation. Furthermore, it is also observed that the proposed methods, subgradient method and M-ERPA, offer good fairness to the users with poor channel conditions while achieving higher sum rates. Although this work only considers a single multicast group, the work can be extended to multiple multicast groups by allocating these groups into different subbands.
